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RESUME

The strategy of specific prophylaxis of plague for epidemic indications accepted
in the Russian Federation, while having positive experience, needs to be improved.
The solution to one of the problems is the use of vaccines together with adjuvants.
The ability of the selenium-containing preparation 974zh to increase the immunoge-
nicity of live plague vaccine was demonstrated.

The aim of the work. To evaluate the subpopulation composition of blood cells in ani-
mals immunized by Y. pestis EV on the background of inmunomodulation.

Materials and methods. In the study we used 100 white mice. Blood served as a ma-
terial for the study. The phenotype of lymphocytes was determined on a flow cytofluo-
rimeter using antibodies to markers CD45, CD44, CD3, CD19, CD4, CD8, CD25, CD62L,
I-A/I-E (MHC 11).

Results. Evaluation of cellular immunity revealed a statistically significant increase
in monocytes on day 7 and a decrease in lymphocytes on day 3 in mice immunized
with Y. pestis EV at doses of 10° CFU and 10* CFU in combination with 974zh. When
co-injected with Y. pestis EV (10° CFU) and 974zh, unlike Y. pestis EV at different doses,
no decrease in CD3*CD4*CD8 CD25* cells was detected.

Conclusion. Thus, the adjuvant property of 974zh has been established, contributing
to an increase in the immunogenic properties of the Y. pestis EV vaccine strain, regard-
less of the dose. The use of Y. pestis EV at a dose of 10° CFU to reduce the bacterial load
is appropriate.
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PE3IOME

MpuHamas 8 Poccutickoli @edepayuu cmpameaus npo8edeHUs cheyuguyeckol npo-
unakmuku 4ymsl o 3nudeMu4ecKUM NOKA3aHUAM, HECMOMPA HA NONOXUMe lbHbIl
onsim, Hyxx0aemcs 8 cogeplieHCcMa8o8aHuU. PeweHuem 00HoU U3 npobniem Assgemcsa
npumeHeHue 8aKYUH COBMECMHO ¢ advrosaHmamu. [Ipo0eMoHCMpupos8aHa cnocob-
Hocme ceneHcodepxauje2o npenapama 974zh nossituame UMMYHO2eHHOCMb Xueol
YYMHOU CyxoU 8aKYUHBbI.

Ljeno pabomel. OyeHka cybnonynayuoHHO20 cOCMAsa Kaemok KPo8uU XUBOMHbIX,
UMMYHU3UpO8AHHbIxX Y. pestis EV Ha ¢hoHe ummyHOMOOyayuu.

Mamepuansi u memooel. buomodenamu cryxunu 100 6esbix Mbiwel, Mamepuanom
0714 uccnedo8aHus — Kpogs. DeHomun AUMGOYUMO8 oNpedes AU Ha NPOMOYHOM Yu-
modyopumempe c ucnosb3osaHuem aHmumesn kK Mapkepam CD45, CD44, CD3, CD19,
CD4, CD8, CD25, CD62L, I-A/I-E (MHC ).

Pe3ynemamel. [Ipu oyeHke KJ1lemoYHo20 UMMYHUMemMa 8biA8/1eHO CMamucmu4ecku
3Ha4uMmoe ygesiuyeHue MOHOYUMO8 HA 7 CYymKU U CHUXeHue JIUMpOyumMos Ha 3 cym-
KU y Melwel, uMMyHU3uposaHHeix Y. pestis EV 0o3amu 10° KOE u 10* KOE 8 covemanuu
¢ 974zh. Ommeyero noseiwieHue CD3*CD4*CD8 CD25* kemok 8 oneimHoU 2pynne
XKUBOMHBbIX Npu couemaHHoMm ssedeHuu Y. pestis EV (10° KOE) u 974zh.

3aknmoyeHue. Takum 06pasom, ycmaHosaeHo advlo8aHmMHoe c8olicmao npenapama
974zh, cnocobcmayrowee NosbILIEHUIO UMMYHO2EHHbIX CBOUCM8 8GKYUHHO20 WMAaMm-
ma Y. pestis EV He 3agucumo om 003bl. [Toamomy 0719 ymeHblweHUs 6akmepuasnsHol
Haepy3Ku yesecoobpasHo ucnosszosame Y. pestis EV e doze 10° KOE.

Knroueeole cnoea: Yersinia pestis, ceneHoopeaHu4deckoe coeduHeHue, 1umpoyumsit,
cybnonynayuoHHell cocmas

Ona uyntupoBaHus: MatngecatHukoBa A.b., [y6posuHa B.M., KopbitoB K.M., Kucene-
Ba H.O., banaxoHos C.B. [loka3aTenn MMMyHOKOMMETEHTHbIX KIIETOK KPOBU SKCMepUMeH-
TallbHbIX XKMBOTHbIX, IMMYHW3/POBAHHbIX NMPOTVB YyMbl Ha (OHE UMMYHOMOZYNALMMN.
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INTRODUCTION

Plague is an infectious disease caused by the Yersinia
pestis bacteria. Although the infection is rare in the mod-
ern world, it remains a public health concern. Vaccination
plays a significant role in controlling the spread of plague.
Plague vaccination is administered according to the pre-
ventive vaccination schedule approved by the Ministry
of Health of the Russian Federation, Order No. 1122n dat-
ed December 6, 2021. This vaccination is recommended
for individuals temporarily or permanently residing in ar-
eas where plague outbreaks occur, as well as for those
working with live plague pathogens. A licensed live
plague vaccine (LPV) is used in the Russian Federation
for specific plague prevention [1]. Long-term experience
in the immunological monitoring of individuals vacci-
nated against plague living in the areas of three natu-
ral plague foci (Caspian sandy, Gorno-Altai highlands,
and Tuva mountains) has demonstrated the efficacy
of using live subunit vaccines [2]. At the same time, most
vaccine preparations based on weakened; repeatedly
passaged microorganisms can be reactogenic and cause
allergic reactions. In contrast, subunit vaccines are safer
but have lower immunogenicity [3]. To address the issues
of vaccine reactogenicity and low subunit vaccine im-
munogenicity, adjuvants have been used [4]. The search
for adjuvants that can activate innate immune responses,
reduce antigen load, trigger and enhance adaptive im-
mune response remains a significant and promising area
of research [5].

We have previously demonstrated the immunomod-
ulatory properties of the experimental synthetic orga-
noselenium compound 2,6-dipyridinium-9-selenabicy-
clo[3.3.1]lnonane dibromide (974zh) [6], which increases
the immunogenicity of the Y. pestis EV NIIEG vaccine strain,
even when the immunizing dose is reduced, and also re-
duces allergic reactions and enhances the immune re-
sponse to the vaccine [7, 8].

Considering the potential of drug 974zh to enhance
the immunogenicity of the Y. pestis EV NIIEG vaccine
strain, a study of the cellular composition of blood lym-
phocytes utilizing flow cytometry would allow us to de-
termine the characteristics of the impact of this medica-
tion on the cellular aspect of immunity [9].

THE AIM OF THE STUDY

To assess the subpopulation composition of blood
cells in immunized white mice with Y. pestis EV NIIEG
in the context of immunomodulation using the drug
974zh.

MATERIALS AND METHODS

The work with the Y. pestis EV vaccine strain
and experimental animals was conducted in accordance
with the SanPiN 3.3686-21 «Sanitary and Epidemiological
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Requirements for the Prevention of Infectious Diseas-
es», as well as the requirements of Directive 2010/63/EU
on the protection of animals used for scientific purposes,
and the «Rules of Good Laboratory Practice», approved
by Order No. 199n of the Ministry of Health dated April
1, 2016. The study was approved by the local ethics com-
mittee of the institution (protocol No. 7, dated November
15, 2021).

The study focused on the synthetic organoselenium
compound 1,5-diparidinonium-9-selenobicyclo [3.3.1]
nonane dibromide (1-[6-(1-pyridinium)-9-selenabicy-
clo[3.3.1]Inon-2-yl]pyridinium dibromide (974zh). This
compound was synthesized in the laboratory of or-
ganochalcogen compounds at the A.E. Favorsky Insti-
tute of Chemistry of the Siberian Branch of the Russian
Academy of Sciences, and it was used in conjunction
with the Y. pestis vaccine strain EV line NIIEG.

The study involved 100 outbred, white mice of both
sexes, weighing 18-22 g, obtained from the Irkutsk
Anti-Plague Research Institute (RD 42-26-3...3738,
State Research Center for Virology and Biotechnology
“Vector” Novosibirsk). The animals were divided into
five groups, each consisting of 20 individuals. The first
group (group 1) received a subcutaneous injection
of 0.5 ml of Y. pestis EV at a dose of 10* CFU. The second
group (group ll) received a combination of Y. pestis EV
(10* CFU) and 974zh, at a dose of 2.5 mg/kg. The third
group (group lll) received Y. pestis EV at a dose of 10°
CFU. Group IV received a combination of both Y. pestis EV
(10% CFU) and 974zh (2.5 mg/kg). Animals in the control
group received an isotonic sodium chloride solution
pH 7.2 (0.5 ml). Research and data collection were con-
ducted on days 3, 7, 14, and 21. Heparinized blood sam-
ples were used for the study.

To determine the phenotype of lymphocytes, a pan-
el of monoclonal antibodies (mAbs) from Becton Dick-
inson (USA), specific for the markers CD45, CD44, CD3,
CD19, CD4, CD8, CD25, CD62L, I-A/I-E (MHC 11), were
utilized.

A blood cell subpopulation analysis was conducted
using a BD FACSCanto™ Il flow cytometer and BD Diva
6.0 software. Statistical analysis of the obtained data
was performed using nonparametric methods and Sta-
tistica 6.0 software. The results are presented as median
values and interquartile ranges (IQR). Differences were
considered statistically significant at p < 0.05.

RESULTS AND DISCUSSION

In group IV of the experimental animals, a statis-
tically significant increase (p < 0.05) in the percent-
age of monocytes was observed on day 7, by 1.7-fold
(3.5 (2.8-4.4)%) compared to group Il (2.1 (1.7-2.7)%)
and a decrease in lymphocytes by 1.2-fold (62.3 (55.5-
65.4)%) on day 3. Groups | and Il showed a similar
change in these indicators on day 7, which was not sta-
tistically significantly different from the values in group
IV (Fig. 1).
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During the experiment, an increase in the number
of T-lymphocytes and a decrease in B-lymphocytes were
observed in animals from experimental groups | and Il
on the third day, with no statistically significant differ-
ences between the groups.

It was demonstrated that the expression levels
of CD44 and CD62L molecules on the surface of T-lym-
phocytes (naive CD3*CD44°CD62L*) in group IV on day 21
were statistically significantly lower by 1.2-fold (p < 0.05)

Monocytes
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compared to those in group Il of animals. The proportion
of naive T-cells was (78.0 (64.7-78.3)%) in experimental
group IV and (83.4 (80.5-83.7)%) in group Il (Fig. 2).

A statistically significant decrease of CD3*C-
D4+*CD8CD44*CD62L cells by 1.7-fold was observed
on day 3 in group IV, compared to the control group
(6.5 (4.6-6.8)%). A statistically significant increase
in the number of these cells was detected in the blood
of animals from group Il on day 14 (8.3 (7.5-10.5)%),

Lymphocytes
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FIG. 1.
Dynamics of the content of monocytes and lymphocytes in the blood of experimental animals at different stages of the experiment
with immunization with Y. pestis EV in different doses and with combined administration with 974zh, Me (Q25%-Q75%)
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FIG. 2.

Expression of adhesion molecules CD44 and CD62L on T-lymphocytes, Me (Q25%-Q75%)
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which is 1.3-fold higher than the values in the control
group (p < 0.05). No changes were observed in the CD8*
population (naive T-lymphocytes, memory T-cells).

In experimental groups |, Il, and Ill, during the de-
termination of the dynamics of circulating activated
helper T-lymphocytes in the blood of experimental
animals, a statistically significant reduction in CD3*C-
D4+CD8CD25* cells was observed on days 3, 7, and 14.
A comparative analysis of these parameters between
groupsllandIVrevealedthatonthethird day of the study,
the content of these cells in animals of group Il was 2.1-
fold lower than that in animals of group IV (p < 0.05).
This difference is likely associated with a higher antigen
load in group Il (Fig. 3).

The number of activated T-helpers (CD3+*CD4+CD8"
CD44CD62L*CD25* - and (CD3*CD4*CD8CD44*C-
D62L-CD25*- cells) in the blood of white mice from all
experimental groups on day 3 was significantly lower
than the control values. On day 14 of the immunogenic
process, regardless of the dose of Y. pestis EV admin-
istered, there was a tendency towards an increased
number of activated naive T-helpers in experimental
animals from groups | and Il (Fig. 4).

It is worth noting that in group Il of animals
on day 14 and group IV on day 7, there was an increase
in the number of memory helper T-cells expressing
CD25* (Fig. 4).

CONCLUSION
The study has demonstrated the immunomodula-

tory effects of the organoselenium compound 974zh
on innate immune cell activation, even with a reduced

CD3'CD4'CDS CD44CD621; CN25'

. CD3'CD4'CD8CD25"
i =
=
c
2
E 5
g
£ 4
o
[v]
=3 H EI ]
S
2 = é B D
- = - . g
1 % E = = =2
0 —= > > > > > > > o>
=] > > @ © > > @ © > > @ © > 0> m ]
= T © T T T © T T & ®© T T < T T O
= T T T = T T g g © © g ® T T = =
© T ®T & = T ¥T & = BT T & — T B T =
O m KR = N ™ K = &N ™m KR = &N ™ KN — &
L 8 v J\. v J\ v J\ _
n v | ]
— Median [0Q25%-Q75% T Min. - Max.

Note. | - Y. pestis EV at a dose of 10* CFU, Il - Y. pestis EV at a dose of 10* CFU
in combination with 974zh, Ill - Y. pestis EV at a dose of 10® CFU, and IV - Y. pes-
tis EV at a dose of 10° CFU in combination with 974zh; * - p < 0.05 compared
to group IV.

FIG. 3.
Dynamics of the content of circulating CD25*-activated helper
T-lymphocytes, Me (Q25%-Q75%)

immunizing dose of the Y. pestis EV vaccine strain. This
compound has been shown to influence the compo-
sition of blood cell populations in experimental ani-
mals, regardless of the dose of vaccine used (10° or 10*
CFU). Importantly, there was no decrease in the num-
ber of CD3*CD4+*CD8CD25* cells when 974zh was com-
bined with Y. pestis at a dose of 10* CFU.
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FIG. 4.

Content of activated CD25* T helper lymphocytes in the blood of white mice Me (Q25%-Q75%)

97

Infectious diseases



Therefore, the adjuvant effect of 974zh has
been demonstrated, enhancing the immunogenici-
ty of the Y. pestis EV vaccine strain, regardless of dose.
Therefore, in order to reduce the bacterial burden,
itis recommended to use Y. pestis EV at a dose of 10° CFU.

Based on the available information regarding the ef-
fect of drug 974zh on the immunogenic and protective
activity of the Yersinia pestis EV NIIEG vaccine strain,
as well as our findings, it is evident that further research
is needed to pathogenetically substantiate its impact
on the cells of the macroorganism'’s immune system.
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